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Transport sector of Pakistan is one of the highest fossil fuel consumption and carbon dioxide (CO2)
emission sector. As a key user of fossil fuel energy, Pakistan’s transport sector has created many problems
i.e. noise, air pollution, CO2 emissions and environmental problem. In this study, trans-log production
function model for Pakistan’s transport sector is established and input factors of labor, capital, and energy
consumption are comprised. The output elasticity of an individual, input elasticity between a pair of
factors, and elasticity of substitution between input factors are analyzed. To manage the multicollinearity
issue, ridge regression is applied at different values of K. From 1991 to 2018, the outcomes show that
output elasticities and a pair of input factor’s elasticities are increasing. The elasticities of substitutions
between labor-energy consumption and capital-energy consumption show higher outcomes because of
the more elevated amount of substitution elasticities. The substitution elasticity between labor and
capital starts from 0.9797 to 0.9326 with slightly decreasing trend. The outcomes suggest that maximum
output can be achieved by increasing capital and energy technologies. By allocating the maximum capital
in the transport industry, energy-saving technologies, substitution between energy and capital, and
substitution among capital-labor can enhance environmental protection. In the above’s view function,
the present study estimates the level of energy-saving and CO2 emissions reduction under the different
scenarios from 2015 to 2018. The policy suggestions of the results are given below.
© 2019 Elsevier Ltd. All rights reserved.1. Introduction
Transportation plays an active role in the present society,
counting for about 20 per cent (%) of the world’s energy use
(Capuano, 2018). Roads, rail, road transport, shipping and aviation
are directly or indirectly associated with all the important divisions
of an economy and have both social and economic effects (Lin and
Ahmad, 2016a,b; Xu et al., 2016). The transport sector pays to
financial development by dropping its building value, improve
measurement of the economy, and generate an association be-
tween people and economic paths (Lin and Ahmad, 2016a,b).
Transport signifies one of the most imperative human activities
worldwide. It plays amajor role and valuable relationships between
locations, regions, economic activities, people, and the rest of thevip.sina.com (B. Lin), yousaf.world (Rodrigue et al., 2016). However, this sector leads to a quick
rise in carbon dioxide (CO2) emissions because of the exhaust
fumes of vehicles (Lu and Cao, 2015). Overall, globally transport
sector uses 64.5% of the worldwide oil consumption and 39.9% of
the final energy consumption (EC) in 2014 (World Key Energy
Statistics, 2016). According to International Energy Agency (IEA)
(2012), the transportation sector involves approximately 19% of
world energy use and 23% of energy-related CO2 emissions and
available apportion is possible to grow in the future. The IEA pro-
jects that energy consumption and CO2 emissions of global trans-
portation will grow by about 50% by 2030 and by over 80% by 2050
(IEA, 2009). Also, the road, aviation, navigations and rail sectors
contribute 71%,12.3%, 4.3% and a 1.8% share of the carbon emissions
(Transport, Energy and CO2, 2009).
Geographically, Pakistan has many opportunities such as coastal
lines of Pakistan, airline routes, ports, and roads for import and
export with border countries (e.g. China, Iran, Afghanistan, India)
offers the most economical and efficient transit routes. These lines
join Central Asian Republics (CARs) and provide a workable and
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and Asia, Euro-Asia Transport Link (EATL), United Nations Eco-
nomic Commission for Europe (UNECE) and United Nations Eco-
nomic and Social Commission for Asia and Pacific (UNESCAP)
facilitate internal and domestic trade and collaboration. For this,
Gwadar Port of Pakistan has access to the Middle East and China,
Africa which will shorten the trade route via Malacca’s Strait. It is,
therefore, China is expected to capitalize a heavy amount on
different developments in Pakistan e.g. China Pakistan Economic
Corridor (CPEC). Transportation of Pakistan is one of the important
sectors which have contributed 13.04% to the gross domestic
product (GDP) and employment of 6% to the country (PES, 2018a,b).
This sector has become high energy consuming and CO2 emitting
sector in Pakistan. Thus, transportation activities are related to
natural resources, environment, community, society, trade, and
services. Environmental change, societal problems, and transport
CO2 emissions are challenging for under developing countries. For
example in Brazil, the transport division has evidenced unable of
adopting social and environmental effects including, environ-
mental pollution, accidents, and roads destructions (Fearnside,
2007; Martínez et al., 2016). Fig. 1 shows the increasing energy
utilization and the subsequent CO2 emissions from the transport
sector of Pakistan. Oil and Gas are the records consumed energy
source of Pakistan’s transport industry. Fig. 2 displays that the oil
consumption of a household, industrial, agriculture, transport,
power, and other Government reaches 0.089, 2.013, 0.013, 15.12,
9.016, and 0.373 Mtoe (million tons of oil equivalent). Transport
sector consumption grew by 1.0373% in 2018which has become the
main fuel-consuming sector, even power generating, and industrial
sectors are left behind. Fig. 3 shows the natural gas consumption of
various sectors. The data sources are given in Table 1. The share of
natural gas consumption in the transport sector is 1.9453 Toe. Using
gas in the transport sector is not larger than the power, industrial,
and fertilizer sectors. The annual average growth rate of gas in the
transport sector is increasing by 5.2583% during 2018.
Among the different sources of Pakistan’s transport sector, road
transportation is taken the fortitude of Pakistan transport. Ac-
cording to the PES (2018a,b), 12,131 km long National Highway and
2362.3 km long Motorway linkage, which is 4.5% and 1.3%,
respectively, of the overall road network, transfer over 80% of the4
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Fig. 1. Energy use and CO2 emissions frototal traffic of Pakistan. The inland freight carries 97% while 93% of
passengers travel through roads (PES, 2018a,b). It is, therefore, most
of the vehicles use natural gas and petroleum products. The
transport sector is the biggest user of oil-based products in Pakistan
(Imran, 2010). It is because of the continuous growth of the pop-
ulation and the number of vehicles in the last decade increased by
0.831 million and 3.41 million during 2018. The road sector is the
most astounding contributor to environmental change in Pakistan.
Sanchez-Triana et al. (2014) contributed to the World Bank report
that air excellence of urban areas of Pakistan is dangerous because
of transport. For this, Government has settled the targets in
improving air quality, transport, and competitive economic systems
by rationalizing the safe drive, cost of transportation, road net-
works, industrial cities and connectivity of regions and provinces
for up-gradation of Pakistan. The aim is to upgrade the railway
systemwith a network of 2, 60,000 km to 3, 58,000 km by growing
the speed from 95 km/h to 140 km/h and connecting these net-
works with the neighbor and central Asian countries. These aims
need a maximum level of human resource, power, assets, and
skilled labor in Pakistan. To save the environment and energy in the
transport sector, Pakistan needs heavy investments in capital and
modern technologies. It is, therefore, this situation motivates us to
inspect the carbon emissions from the transport sector of Pakistan.
According to the future viewpoint, an increase in the output,
energy security, challenges and opportunities, and globally trans-
port sector of Pakistan achieve significant results. For this, China
has invested $45 billion in energy and transport sector of Pakistan
(PES, 2018a,b; McGarrity, 2019; Lin and Ahmad, 2016a,b). Except it,
World Bank has also nominated Pakistan to reduce carbon emis-
sions because of dangerous air quality (Sanchez-Triana et al., 2014).
According to Commission (2015); National Climate Change Policy
(2012), INDC found its roots within Pakistan. The CO2 emission is
the key source of emissions linked to transport, because of fossil
fuel combustion such as petroleum products, gas, and coal. IEA
Statistics (2012) and Imtiaz et al. (2008) investigated that trans-
port sector of Pakistan emits 70% of carbon emissions. Therefore,
the Government should properly control to its upcoming power
projects (in case of importance, planning and analyzing production
and energy saving) by applying sustainable policies. These policies
may be signified by replacing capital for power (Koetse et al., 2008).05 06 07 08 09 10 11 12 13 14 15 16 17 18
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Fig. 2. Sectorial Oil/petroleum consumption of Pakistan.
0
2
4
6
8
10
12
14
91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18
Cement Commercial
Fertilizer Household
Industrial Power
Transport
To
e
Year (1991-2018)
Fig. 3. Sectorial Gas consumption of Pakistan.
B. Lin, M.Y. Raza / Journal of Cleaner Production 251 (2020) 119606 3For energy generation, Pakistan uses natural gas and oil. Due to lack
of technology, Pakistan couldn’t use its rich reserves of 185.175
billion tons of coal (Lin and Raza, 2019). Energy sector emits
maximum GHG emissions. For example, Chowdhury et al. (2019),
measures sustainable indicators to improve the industrial sector of
Bangladesh from 2000 to 2015 and found that energy potential
changes from 53.11%. They also found that non-renewable exergetic
share is high as 98% in 2015, while the sustainability index changes
from 2.21 to 2.32. Jefferson dos Santos Mascarenhas et al. (2019),examine exergy, energy, CO2 emissions, economic, and sustain-
ability of the industrial air compressor. They found that reducing
emission pressure turned out to be the much economical measure
with a lower rate of return. In this way, the industry could save a
total of 5634.2 MWh of electricity and lessen CO2 emissions by a
557-ton annual investment of US$ 5, 70,000. Climate change,
temperature, rain, humidity, sunlight, dust, animals, plants, and sea
can be affected because of high carbon emissions. The time stops
more emissions of GHG by controlling the utilization of petroleum
Table 1
Description of variables.
Variables Data sources Definition
TOV WDI, PES TOV of freight þ TOV of passengers * CRPF.
CS WDI, PES Capital stock in the base year including investment, investment growth rate and depreciation rate.
LE PSYB; PES Labor employed includes several road and rail transport employment. (Civil Engineering
department, Mechanical Engineering department, Transportation department, Commercial
department, Stores department, Medical department and Electrical Department).
EC PSYB; PES Energy consumed by road and railway sectors of Pakistan.
CO2 emissions WDI CO2 emissions from the transport sector of Pakistan.
Oil/petroleum consumption (Mtoe) PES Including different sectors given in Fig. 2.
Gas consumption (Toe). PES Sectorial consumption of gas is provided in Fig. 3.
Investment in the transport sector PES Money consumed by government.
Depreciation rate series for the biggest
existing sample
WDI (2018) Fitted values of the large sample, analysis of depreciation rate from’t’1 to ‘T’ for all values.
Employment of the railway’s sector PSYB The number of total employees working in the railway sector.
Number of vehicles registered PES Registered Vehicles: (Motorcycle (2 wheels), Motorcycle (3 wheels), Jeeps and station wagons, Motor
Cabs/Taxis, Buses, Trucks, Motor Cars and Others). No. of registered motor vehicles.
Energy consumed by the road sector PES TFC of road transport.
Energy consumed by the railway sector PSYB; PES TFC of the railway sector.
PES, Pakistan economic survey; WDI, world development indicators; PSYB, Pakistan statistical yearbook.
B. Lin, M.Y. Raza / Journal of Cleaner Production 251 (2020) 1196064products to decrease the proceeded with an infusion of carbon
discharges into the environment. A few strategies are available in
diminishing CO2 emissions from the transport sector of Pakistan are
given in Table 2. Human practices have influenced the natural
patterns by the extreme utilization of petroleum products in
Pakistan (Abas et al., 2017).
Due to the expansion of industrial and urban process, the
growing income of rural and urban residents has brought ‘motor-
ization phenomenon’ into everyday life (Bradley et al., 2005). Based
on past and present status, an elementary judgment is made on the
developing trend of Pakistan transport sector: fossil fuel EC in the
transport sector of Pakistan maybe maintains little growth for a
long time. The reason is that the total available energy in Pakistan is
88.25Mtoe, while the domestic and imported energy share is
46.725Mtoe and 41.525Mtoe (PEYB, 2018). This clarifies that
Pakistan is much dependent on energy imports and pay a high cost.
This import dependence, if reduced, and improved alternative en-
ergy resources (i.e. solar, wind, biogas, coal) will have an optimistic
impact on the growing economy, lessening energy cost, and CO2
emissions. According to Pakistan Bureau of Statistics (2017), 40.54%
population is living in urban and 59.45% population is living in the
rural areas of Pakistan. Thus, the traffic demand for passengers and
freight experience sustained growth. In line with the growth of
economic activity of Pakistan during 2018, the present inland traffic
by road and rail estimated at 614 billion passengers-kilometers and
381 billion tones-kilometers respectively (Transport and Logistics,
2018). The analysis shows that the transport sector provides
about 3 million jobs and expected to increase to about 3.6 million
during the estimated period. It is, therefore, the optimization of
transport structure and support capacity has become very impor-
tant. Moreover, it is important to note that Pakistan’s transport
industry is still facing huge problems: high fossil fuel consumption,
high CO2 emissions, infrastructure, and labor-intensive for higher
output. Thus, substitution between labor, capital and EC isTable 2
Policies are related to the transport sector (National Climate Change Policy, 2012).
Sr. no Transport sector
1 Ensure public awareness, fuel efficiency impro
2 Implement bio-fuel for local transport, encour
3 In reducing carbon emissions and making a fr
management, the private sector should be sub
4 Encourage the usage of CNG in the transport s
5 For effective transport on oil in Pakistan shouimportant to energy policy in planning, industries and analysis.
The key goal of this exploration is to look at the transport-
related CO2 emissions and give policy suggestions to achieve high
economic development, energy options, and natural maintain-
ability. Compared with earlier studies, very significant and actual
contributions of the current study are given. First, this research
gives a trans-log production function to assess and estimated the
substitution between energy-related variables for Pakistan’s
transport sector to provide some strategy proposals to shape an
actual transport framework for present and future. Second, study
estimate EC sectors, especially transportation during 1991e2018.
Third, regarding Pakistan, this study examines carbon reductions
from the perspective of transport sectors at the national level.
Finally, previous studies are based on old data but present study
includes additional transport (i.e. cabs, private taxi companies,
metro bus system, orange train), and transport carbon emissions
policies related to National Climate Change Policy (NCCP) Pakistan
are considered. This newness has created a gap between the pre-
vious studies.
The remaining part of the research is structured as follows.
Section 2 is based on a literature review. Section 3 presents vari-
ables and formulation. Section 4 displays the trans-log production
model and its description. Section 5 is based on outcomes while
section 6 provides conclusion and policy recommendations.
2. Literature review
The transport sector of Pakistan has emitted maximum CO2
emissions than all the other sectors and estimated about a quarter
of carbon emissions (National GHG Inventory, 2008). CO2 emissions
from aviation and railways are also harmful. Pakistan has become
defenseless to the effects of environmental variation; some policy
practices are accessible to lessen CO2 emissions in the road sector
(see Table 2). Literature measures a lot about capital-energy relatedvement in public transport, and CO2 emissions reduction system in the country.
age clean development mechanism, and improve the travel system in big cities.
iendly environment, technology improvement, emission mitigation, and effective
sidized.
ector.
ld enhance and encourage less polluting transport for short distances.
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hypothetical study of ten countries and estimated that wealth and
energy are substitutes. These contraventions of different outcomes
have been concluded as complementary. Additionally, trans-
portation is an imperative part of the national economy which
provides services for passengers, freights, social benefit, social cost,
and negative environmental impact. Some researchers have
analyzed the impact of EC, intelligent transportation, and energy
optimization in the transportation sector of various countries by
different methods. Table 2a summarizes information and outcomes
of this empirical literature.
Many researchers have adopted trans-log cost model; for
example Lin and Ahmad (2016a,b) estimated the substitution be-
tween energy and non-energy factors for transport sector of
Pakistan; Truong (1985) measured inter-factor and inter-fuel sub-
stitution in NSW manufacturing industries from 1968 to 1981;
Wesseh et al., (2013) for Liberia’s potential for inter-fuel and inter-
factor substitution between labor, capital, oil, and electricity; Lin
and Wesseh (2013) measured the inter-fuel substitution poten-
tials in chemical industry of China; Lin and Xie (2014a,b) measured
the energy substitution on China’s transport industry; Berndt and
Khaled (1979) estimated substitution elasticities, scale economy,
and bias of technical change; Prywes (1986) applied constant
elasticity of substitution production function between labor, capi-
tal, material, and energy; Wang et al. (2018) estimated price elas-
ticities of input factors, capital energy, labor energy, and average
energy rebound effects, and Lin and Atsagli (2017) measured
Nigeria’s EC, inter-fuel substitution, and economic development.
Although, Griffin (1981); Hisnanick and Kyer (1995) and
Thompson and Taylor (1995) deliberated the association among
capital and energy of various industries of the country and decided
that capital and energy were substitutes. Researchers applied
multiple methods to calculate the association between energy and
capital e.g. Chakir and Thomas (2003) and Serletis and Timilsina
(2009). Stoglehner (2003) applied the environmental footprint of
energy planning to examine inter-fuel substitution via clean power.
Ma et al. (2008) and Lin and Xie (2014a,b) identify the energy
substitution impact in the transport sector of China by applying
trans-log production function and concluded a significant impact
between energy and labor or capital. A study of Xiaoling et al.
(2018) about transportation sector of Shanghai and tested the vi-
tality substitution impact based on a trans-log production function
to assess the influence of each experimental variable to sectorial
production. They found that the elasticities of energy consumption,
labor and capital are optimistic and showing a rising trend during
the time interval while the substitution of elasticity among labor-
energy is higher, energy-capital lie around (1.0018e1.0021), and
substitution between capital-labor is infinitely close to 1.
Lin and Ahmad (2016) estimated inter-fuel and inter-factor
substitution, and technical change potentials in Pakistan by
applying trans-log production work approach during 1980e2013.
They resulted that labor-energy and capital-energy are substitutes.
Stern (2009) analyzed for 47 countries to discover the exact value of
elasticity of substitution to control variables that have mixed out-
comes. He resulted from that time series, panel data and cross-
sectional data by different studies in different regions, sample
size, method, and economic factors are the prime reasons for var-
iations in given consequences. Although, this study was reviewed
by Smyth et al. (2011) with the sample of 2/3rd of 47 countries was
previous to the year 1970 and the only 1/3rd sample of researches
was studied after 1990. Lin and Fei (2015) used a trans-log pro-
duction method for the agriculture division of China by using labor,
capital and energy as input variables. They resulted that progress of
the agriculture economy in China profited from the collective im-
pacts of variables and technological advancement. Substitutionbetween capital-energy is higher with the value of 1.1. Labor elas-
ticity is high and low among these factors was insignificant with
convergence tendency. Lin and Long (2016) showed the association
among capital-energy and labor-energy by applying the trans-log
production model and ridge regression and concluded that sub-
stitution elasticity of capital-energy; capital-labor and labor-power
stable, optimistic and values are close to one.
In the various substitution elasticities many studies focused in
many countries e.g. Magnus and Woodland (1987) for Dutch inter-
fuel substitution, Kemfert (1998); Kemfert and Welsch (2000) for
CO2 decrease in Germany, Lin and Ahmad (2016) for Pakistan,
Klump and Grandville (2000) and Jones (2014) for USA. In the
developing countries, the inter-fuel substitution options are finite
i.e. Shankar and Pachauri (1983) for Indian coal and gas have less
inter-fuel substitution potentials; Presley et al. (2013) for Liberia’s
energy economy and Serletis and Timilsina (2009) for lower, cen-
tral, and developed countries in transport and manufacturing sec-
tors. They showed that inter-factor substitution possibilities among
gas, coal, oil, and energy are reliably under an agreement. The study
again found evidence from high-income countries with greater
potentials than stable countries with lower and middle-income
(Stern, 2009).
In the Pakistan perspective, a lack of literature on the subject
and only rare studies have been found related to industrial sector
i.e. Mahmud (2000) found that transport comes first in consuming
oil products and next in GHG emissions in Pakistan and Lin and
Ahmad (2016a,b) for Pakistan’ energy and non-energy sector. This
research got only two related studies in Pakistan and China, Lin and
Ahmad (2016) for Pakistan’ transport sector but no evidence was
found regarding multiple scenario emissions from the transport
sector of Pakistan and Lin and Xie (2014a,b) for China’s transport
industry. The present research is estimated the energy substitution
including labor and capital applying trans-log production function
during 1991e2018. The study advice policymakers in improving
energy policies, energy security, environmental degradation (ED),
transport emissions reduction, and forecast. According to the best
of our insight, this research is the 1st of its temperament in Paki-
stan’s transport sector.
3. Variables and description
In this section, this research aims is to explore the output elas-
ticities of individual factors, input elasticities between a pair of
factors, and elasticities of substitution between labor (L), capital
(K), and EC. The data used in this study are collected from various
sources are given in Table 1. For the optimization of transport
structure, a comprehensive system of transport support becomes
important because of L, K, and EC. It is also significant to note that
Pakistan’s transport sector has an enormous issue: it is capital
concentrated, high energy-consuming and produces heavy CO2
emissions. It is, therefore, the growth of transport industry re-
sources produces a lot of labor and economic development of
Pakistan.
3.1. Variables and formulation
We used annual data from 1991 to 2018 from a sample of labor,
capital, energy consumption, sectorial EC, and CO2 emissions from
the transport sector of Pakistan. The sources of variables are pre-
sented in Table 1, while data formulations are discussed below.
3.2. Labor employed
In case of labor employment of transport sector of Pakistan, we
found transport employment; communication sector and storage
Table 2a
Summary of previous studies related to transportation and energy consumption.
Authors Countries Duration Methodology Variables Outcomes
Shunping
et al.
(2009)
China 1990e2004 MRM Transport EC, transport
modes
Various transport modes related to EC are taken and then compared EC
transport mode with one another. The outcomes evaluated that all the
factors impact technically, transport load, and auxiliary consumptions. Also,
the EC level should be studied in collective conditions.
Gao et al.
(2016)
Singapore Fixed time horizon DHS urban traffic light
scheduling problem
The DHS algorithm and its variations with and without local search
operators and collective have been linked to the FCS to demonstrate the
efficiency of the given models. The assessments and deliberations show that
the DHS algorithm as a meta-heuristic has better output than the FCS.
Sadollah
et al.
(2019)
Singapore Different time
interval
NCBA Traffic congestion,
urban areas
The outcomes show the effective management of traffic crowd applying the
adaptive method and scalability properties for various dimensions of the
transport system.
Raza et al.
(2019)
USA 1973e2015 HWT EC, EG, ED The results show in the short, long, andmedium run that EC has a significant
impact over CO2 emissions. Besides, one-directional causality was originated
from EC to CO2 releases.
Gao et al.
(2012)
China 1985e2009 Decoupling elasticity
index model
transportation EC,
transport industry
growth
Results designate that weak decoupling between overall transport EC and
industry development counted for 54.17%, whereas weak decoupling does
not rise smoothly.
Song et al.
(2016)
China 2011e2012 Window data
envelopment
analysis model
Environmental
efficiency,
EC, highway transport
The results show that the total level of ecological output of highway
transport systems in China was not optimum, with high changes between
areas. Regional glitches occur due to extreme EC and CO2 emissions from
motor vehicles.
Lee and
Lim
(2018)
South
Korea
Between 2010 and
2013
BLR; HLM policy instruments,
EC, GHG, transport
sector, urban areas
First, the socio-economic local Government features and their locations
impact on the application of compact city-related urban policy instruments.
Second, the model evaluated that there is a strong relationship between
maximum urbanization, transport-related EC, and transport-related CO2
emissions.
Zhang
et al.
(2011)
China 1980e2006 LMDI EC, transport sector (1) In 2006, the transports EC rise by 7.63 times in 1980. (2) From up to 2006,
the transport oil consumption counted for 49.6% of the country, which
nearly equaled to the net oil import. (3) In the sense of the growing EC
intensity, the energy use efficiency of the transport sector has been falling
slowly. (4) The transport movement result is the most imperative
contributor to raise EC and energy intensity.
Muratori
et al.
(2013)
USA One to more than 5
miles
Energy demand
modeling
technique
personal
transportation,
EC, US
(1) Evaluated the behaviors of drivers, truthful driving profiles, and
simulating EC of various types of vehicles. (2) At the distribution level, the
modeling future permits for assessing the influence of plug-in electric
mobiles on the grid.
Sarabi
(2011)
Iran 1997e2007 Energy-related
Policies
EC, transport, policies
of EC
Iran EC rate in the transport sector and various strategies are given to
decrease it. This method analyzes policies, achievements, and
implementation.
Lefevre
(2009)
USA 2003 TRANUS model Long-term EC, urban
transport
The outcomes show that transport technologies can be cheap to a
developing city like Bangalore which can significantly control routes of EC
and the resultant CO2 emissions if they apply in the urban framework.
Besides, this study founds tools for the necessary policies developments.
Verdezoto
et al.
(2019)
Brazil 2010e2016 LEAP model EC, Energy efficiency
policies, transport
sector
(1) The results measures in a final EC of 158 million BOE in 2030 in which
transport sectors are the major energy consumer. (2) Concerning Ecuador
energy planning, hydroelectricity is available due to the hiring of new
hydropower plants and measured by 63513 GWh in 2030 which is 3.25
times higher than in 2010. (3) Except it, 15 million BOE energy saving was
forecasted.
Jin et al.
(2019)
Chengdu
China
Self-powered ITS ITS Energy technology, ITS The study reviews the growth of nan generators, with piezoelectric and
turboelectric nan generators, for own-powered technology in the land,
water, air-ITS (i.e. trains, automobiles, vessels, aircraft, bridges, tunnels,
highways, and tracks).
Ma et al.
(2019)
China Time and distance eCACC; NMPC ITS, CAV, core
technology
of energy-saving
potential, vehicle
platoon
(1) By the simulation analysis under different sets, the benefits of the given
structure occur that the platoon contained three vehicles possesses i.e. string
constancy, outstanding output, and better energy-saving potential at a
similar period. (2) Also, movement of these vehicles is in the little range,
refining the driving ease.
(3) In contrast with the available Eco ACC controller, the simulation
outcomes show the future controller possesses better outcomes and power-
saving conduct of 16.1%, 6.2% and 11.7% under drive cycles, respectively.
Zhang
et al.
(2019)
Shanghai-
Beijing
China
Basic time table of
trains
Bi-level model EC optimization, train
operation, AD&RW
Beijing-Shanghai high-speed train-related case is established to show future
outcomes. Outcomes illustrate that the overall EC is lessened by more than
7.6%, and the normal time interval is about 1 min which keeps the
performance of the original schedule.
Zhang
et al.
(2018)
Nanjing-
China
hourly-based
dynamic vehicle
emission inventory
PEMS vehicle emission
management, ITS data
Two CO2 emissions hotspots from the road network are taken by the
dynamic emission inventory: (1) urban area conquered by local transport,
(2) remote highway corridors showing inter-city freight transport, (3)
emissions reduction valuation from traffic limitation scenarios are
discovered. (4) ITS data system is managed with emissions and atmospheric
models for the possible air quality management in the future.
Cui et al.
(2019)
China Evaluation index,
CO2, traffic congest
Nagel
eSchreckenberg
Route guidance, traffic
emissions in ITS
Results showed that MVS and CCS were the best ones which lessen traffic
emanations and develop the output of the traffic system. In light of total
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Table 2a (continued )
Authors Countries Duration Methodology Variables Outcomes
cellular automaton
model
emissions on the regular two-route scenarios with two exist was much
lesser than that on the one with one exit.
Aized et al.
(2018)
Pakistan 2012e2030 LEAP model Energy security,
renewable energy
policy, EC sectors
This study is based on four scenarios, BAU, green Pakistan, nuclear, and
optimization to access the cogency of energy strategies. EC of the transport
sector is rising from 13.3Mtoe in 2012 to 64.6Mtoe in 2030 in which oil and
gas are the main suppliers of the transport division and increasing slowly.
B. Lin, M.Y. Raza / Journal of Cleaner Production 251 (2020) 119606 7which do not fulfill the exact calculations of the employment sector.
For the better measurement of labor employed, the railway sector
was found as employment from the sources provided in Table 1.
This research could not found data on the road employment in
Pakistan Bureau of Statistics (2017) and PES (2018a,b), but the data
on several registered motor vehicles (motorcycles, cars, buses,
motor cabs, trucks and others) were found and then added together
with the employment in railways. Similarly, Lin and Ahmad
(2016a,b) estimated transport-related study for Pakistan and used
similar data until 2013.3.3. Energy consumption
In the changed over the volume of the vehicle sector, only the
transport sector including railways and road transport of Pakistan is
selected. Therefore, the present study considered railways (petro-
leum products) and road sector (both oil and gas products) EC in
Pakistan. The railways and road sector EC data collection informa-
tion are given in Table 1. Gas and oil utilization is the key to find
inter-fuel substitution as well and because of limitations of our
work because gas utilization in the transportation sector in
Pakistan starts from the 1990s, whereas research sample duration
starts from 1991 to 2018.3.4. Converted turnover volume
Transport sector services as its output are based on freight and
travelling passengers. Lin and Ahmad (2016a,b) measured that the
transport sector is the greatest imperative choice to quantify
transportation output. Though, because of the lack of statistics,
guide of traffic (turn over volume) TOV have been taken that can be
gained by multiplying the traffic volume to its load factor. It repli-
cates the number of facilities given by all subsectors related to
transport. The formula of TOV is given in Table 1 which is a com-
plete indicator of the transport sector’ output; it cannot be
compared such as passengers to kilo-meters and tone-kilometer
particularly for civil aviation. This calculation has already been
collected in Pakistan and China in the past i.e. (Lin and Ahmad,
2016a,b); (Lin and Xie, 2014a,b)a and (Lin and Xie, 2014a,b)b. But
in Pakistan, this research calculated the relative weight of freight
and passenger of various transport means during 1991e2018. The
transport indices are calculated by the ministry of commerce
Pakistan including roads and railways based on weights of pas-
sengers and freights in this research for road sectors are 0.5010 and
0.415 while 0.045 and 0.030 are for railways sector (Ministry of
commerce, 2007). Because of the unavailability of shipping and
civil aviation data, the present studymay not affect transport sector
efficiency. Past studies use similar weights for road and rail sectors
and found narrowly output of transport. It confirms that existing
data and information is the best in providing the output. Civil
aviation, shipping and new trade development roads such as CPEC
have been left for the future study.3.5. Capital stock
For the macro-economic analysis, capital stock is taken as ‘K’
which is a significant factor of asset-liability accounting. The per-
petual inventory method is common in measuring K even in OECD
countries. Many researchers e.g. Lin and Ahmad (2016a,b); Lin and
Xie (2014); He et al. (2003); Zhiguo and Guoxing (2003); Zong-yu
(2010); Lin and Atsagli (2017) and Lin and Long (2015) have
applied this technique in different countries. Factors including in
the K are given in Table 2. It can be written as in Eq. (1):
Kt ¼ Kt-1 * (1- dt) þ It (1)
where, Kt, Kt-1 and dt, It signifies capital stock in t years, capital stock
in base year t-1, devaluation rate of an asset in year t, and invest-
ment for the time t. Capital stock creates some problems while
using a perpetual inventory method for the determination of Kt, Kt-
1 and It. For this study, Berlemann and Wesselhoft (2017) approach
have been applied to calculate ‘K’ in the transportation sector of
Pakistan by applying a perpetual inventory method. Lin and Ahmad
(2016a,b) have also applied this technique in Pakistan which is the
joint past researches such as Nehru and Dhareshwar (1993); De la
Fuente and Domenech (2006) and Kamps (2006). These ap-
proaches contain different methodologies related to Kt and Kt-1. To
find out Kt, Kt-1, dt, It, investment growth (g1), and depreciation of
capital by Eq. (2).
Kt-1 ¼ It1/g1 þ d (2)
Although, this technique is based on the following assumptions:
 First, De la Fuente and Domenech who apply Prescott-Filter to
estimate It1 to evade loss of investment by the ideas of Nehru
and Dhareshwar (1993) to originate the It from the regression
method as by Eq. (3). The ordinary least squares technique for
the sample period from the base year (1991) t1 to T (2018) is:
ln It ¼ a þ b. t þ εt (3)
The t1 can be calculated by the parameters a and b in Eq. (4), and
εt is the error.
ln^ It1 ¼ a þ b.t1 (4)
The total investment series from t1 to T by given equations can
be calculated. The fitted values are taken as It1 to find out the capital
stock Kt1 (as a base year).
 Second, for measuring the investment growth rate g1, we have
chosen ‘b’ as a parameter from Eq. (3) for movement of invest-
ment g1 despite an investment trend applied by De la Fuente
and Domenech.
 Third, the novel method did not use the constant rate of
depreciation, nor for Kt1 and further Kt related calculation, while
the new method measures the depreciation rate by lessening
Step 1
Transport sector
a. Oil/petroleum consumption in various sectors
b. Sectorial Gas consumption
Step 2
Comparison of CO2 emissions with the transport sector
Step 4
Control over CO2 emissions
- Applications of NCCP, 2012
- Energy-saving & CO2 emission reduction scenarios
- CPEC, INDC, Commissions, 2015
Step 3
Methods:
- Trans-log Production function (including Yt, Kt, Lt, ECt)
- Ridge regression
Step 5
Conclusion and Policy suggestions
Fig. 4. Systematic flowchart of the study.
B. Lin, M.Y. Raza / Journal of Cleaner Production 251 (2020) 1196068the devaluation degree of the biggest sample with the time’t’ as
given in Eq. (5).
dept ¼ a þ b.t þ εt (5)
From Eq. (5), parameters ‘a’ and ‘b’ measures the depreciation
rate series. As this study get the fitted values of a large sample than
the observation of depreciation rate (dt) can be taken from t1 to T
for all values. This technique was proposed by Berlemann and
Wesselhoft (2017) and applied by (Lin and Ahmad, 2016a,b).
Thus, calculate Kt, Kt1, dt, and It for transport sector of Pakistan
during 1991e2018 as per Eq. (1).
4. Methodology
The trans-log production function is used to test the elasticities
of substitution and complementarity (Berndt and Wood, 1975;
Pindyck, 1977; Lin and Ahmad, 2016a,b). This function is a
quadratic reaction surface model. The duality theory mentions to
the concept that any problem of constraint optimization can be
provided by either minimizing or maximizing the issue related to a
suitable constraint. Thus, the primal can be a minimum or
maximum issue. It is based on two ways; first, if the original
function is at a minimum side than a corresponding dual function
will be higher. Second, whole data about the answer for the base
capacity can be gained from the relating double function, and data
as for the arrangement of double capacity can be got from the
fundamental principle function. The advantages of this method are
that (a) it measures the elasticities of substitution between input
factors and (b) it can reflect the interface of independent variables
to explain variables in the function, while the advantages of trans-
log cost function are: (a) the conditional factor demand function is
linear (b) it comprises fewer unidentified parameters. Debertin and
Pogoulatus (1985) measured that trans-log production function has
the relating double trans-log cost work, and clears that all the data
required from the comparing trans-log work are contained in the
trans-log production function. It is, in this way, this capacity has
turned into the favored decision for the estimation of selected
factors. Trans-log production function is grants and adaptable to
avoid the weight of the assumption of immaculate substitution and
a perfect challenge between inputs (Pavelescu, 2011). Trans-log
cost function measures that the cost functions as an input value
and the consistent result produces, although the approximating
elasticities of substitution of input variables; e.g. few of researches
applied trans-log cost functionswhich contains information related
to input prices and cross-price elasticities that can be easily found
with the consequences of any substitution (Hudson and Jorgenson,
1974; Hall, 1986; Considine, 1989; Bataille, 1998; Nkomo and
Goldstein, 2006; Adeyemo et al., 2007; Ma et al., 2008; Lin and
Zhao, 2016; Lin and Ahmad, 2016a,b). According to Smyth et al.
(2011); Presley et al. (2013); Lin and Wesseh (2013) and Lin and
Xie (2014a,b) have used a trans-log method to find-out the elas-
ticities of substitution due to lack of large data availability such as
wages, energy prices and rents. Trans-log method can use over two
factors inputs in including both linear and non-linear quadratic
terms and can be measured by applying the second-order Taylor
series (Christensen et al., 1973). This research proposes an inno-
vative method for estimating energy substitution effect on the
transport sector. The flowchart of the study can be seen in Fig. 4.
The estimation method can be divided into five parts: energy uti-
lization of the transport sector, CO2 emissions, methods, climate
change policies, and policy suggestions. Based on statistical anal-
ysis, input-output elasticities, elasticities of substitutions of factors
such as L, K, and EC are estimated.
To start this model for Pakistan’s transport sector, L, K, and ECare taken as input factors. Each input factor is analyzed by trans-log
function based on substitution and output elasticity. The model for
Pakistan’s transport sector is given as:
lnYt ¼ εt þ bKlnKt þ bLlnLt þ bElnECt þ bKLlnKtlnLt þ bKElnKtlnEC þ
bLElnLtlnECt þ bKK(lnKt)2 þ bLL(lnLt)2 þ bEE(lnECt)2 (6)
Wherever, Yt, Kt, Lt, and ECt are the output, Capital stock, labor
employed and energy consumption of Pakistan’ transport sector in
time’t’. While bi and εt are the coefficients and constant. To get
output elasticities, we differentiate Eq. (6) regarding lnYt, lnKt, lnLt
and the production elasticities of L, K, and EC are calculated as
follows.
lK ¼
dY
Y
dK
K
¼ dlnYt
dlnKt
¼ bK þ bKL lnLt þ bKE lnECt þ 2bKk lnKt
(7)
lL ¼
dY
Y
dL
L
¼ dlnYt
dlnLt
¼ bL þ bKL lnKt þ bLE lnECt þ 2bLL lnLt
(8)
lEC ¼
dY
Y
dEC
EC
¼ dlnYt
dlnECt
¼ bE þ bKE lnKt þ bLE lnLt þ 2bEE lnECt
(9)
The substitution elasticities of the production factors show the
price change of each factor. It ranges from ‘0’ to infinite in which ‘0’
shows that two types of production variables can never substitute
each other at all. This condition happens in the production function
with static information extent. In the limitless structure, two pro-
duction variables can be impeccably substituted for one another. As
per the above description of the elasticity of the substitution, the
elasticity of substitution among capital-labor can be composed as
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where MPK and MPL denote the marginal productivity of capital
and labor. It can be further simplified as Eq. (11).
MPL
MPK
¼
dY
dL
dY
dK
¼ lL
lK
*
K
L
(11)
By comparing Eqs. (9) and (10), we get.
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According to the previous equation, it can also be written as.
d
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dLþ 1
L
dK (15)
Combining Eqs. (12)-(15) together and get the elasticity of
substitution between K-L, K-EC, and L-EC are provided in Eqs. (16)-
(18).
sKL¼ j1þ j ¼ bKLþ lK
lL
XbLL
Xð  lK þ lLÞ11 (16)
sKEC¼ j1þ j  bKECþ lK
lEC
XbECEC
Xð  lK þ lECÞ11 (17)
sLEC¼ j1þ j  bLECþ lL
lE
XbECEC
Xð  lL þ lECÞ11 (18)5. Results and discussion
According to the proposed trans-log production function model,
the high numbers of parameters are estimated as in input variables.Table 3
Covariance matrix.
LnL LnK LnEC LnK*L
LnL 1 0.918 0.926 0.998
LnK 0.918 1 0.845 0.937
LnEC 0.926 0.845 1 0.921
LnK*L 0.998 0.937 0.921 1
LnK*EC 0.962 0.937 0.937 0.967
LnL*EC 0.992 0.903 0.951 0.992
LnK*K 0.924 0.999 0.851 0.943
LnL*L 0.993 0.897 0.910 0.993
LnEC*EC 0.932 0.847 0.996 0.929The linear association among the explanatory variables found a
potential threat such as multicollinearity. For this, we start our
measurement technique by examining the linear relationship be-
tween themajor independent variables. This method was proposed
by Kmenta (1986) and applied by (Lin and Ahmad, 2016a,b; Lin and
Xie, 2014a,b). This approach calculates the degree of linear associ-
ation amongst the descriptive variables that can be found by
regressing individual input variables on the remaining output
variables or dependent variables. OLS method results would be
wrong if there is a multicollinearity problem. Table 3 shows a
perfect association and multicollinearity between the factors. The
least-square technique illustrates that if, j _XXj ¼ 0, then there is no
key calculation for the equation ð _XXÞb ¼ XY . This may affect the
regression parameters’ stability and also move away from its real
condition. For this, the covariance, covð _XX þ kIÞ1 _XY ,
ð _XX þ kIÞ1 _XY has been taken for a better understanding.
The statistical calculation of the coefficients would become
problematic and t-test and F-test may also become bias. The R-
Square, R-Squared of eachmodel, adjusted R-square, Multiple R and
OLS model measured by Eq. (6). A higher value of R-square shows
the higher linear association between the input variables. In the
present research, the coefficient of determination (R2) measures
the degree of the linear relationship among individual model with
L, K, and EC as output variable is to 0.999, 0.999 and 0.999, while
the minimum correlation is 0.845 and maximum correlation is
0.999 among the variables correspondingly. A variance inflation
factor (VIF) of the three selected models is also high which greater
than 10. It is, therefore, the model given in Eq. (6) find inconsistent
output by applying OLS technique. Maximum regression co-
efficients are negative, which contradict economic reality. It shows
that all input factors (K, L, and EC) are not showing an increasing
trend. These outcomes are the indications of high multicollinearity
that have affected the parameters severely (see Table 4). Thus, OLS
regression results have corroborated the austerity of multi-
collinearity noticed by (Kmenta, 1986).
To avoid the multicollinearity problem, ridge regression for
various values of K (see Table 5) estimated due to variations in
values of R2 and beta coefficients, the ridge trace of the variables of
the trans-log production function is given in Fig. 5. The value of K is
determined at the optimum level K ¼ 0.001 which explains the
maximum significance of the factors presented in Table 6. Software
E-vies 11.0 and Stata 13.0 is used to obtain the model output. It is
shown in Table 4, beta coefficients of ridge regressions and values of
R-Square become stable when K goes to 0.05 and 0.10. Except it, the
values of beta coefficients of lnL, lnK, lnEC, lnL*lnK, lnK*lnEC,
lnL*lnEC, lnL*lnL, and lnEC*lnEC are all unstable, changing with the
maximum value as K changes. As shown in Fig. 5, K trace becomes
steady after 0.10 which is steady with the preceding inference. The
value of the ridge parameter is also supported by VIF because of
collinearity and lies in between the range. As illustrated in Table 6,
the pertinent statistical tools (i.e. R-Square, Adjusted R-Square,LnK*EC LnL*EC LnK*K LnL*L LnEC*EC
0.962 0.992 0.924 0.993 0.932
0.937 0.903 0.999 0.897 0.847
0.977 0.951 0.851 0.910 0.996
0.967 0.992 0.943 0.993 0.929
1 0.975 0.941 0.948 0.979
0.975 1 0.911 0.993 0.962
0.941 0.911 1 0.906 0.855
0.949 0.993 0.906 1 0.925
0.979 0.962 0.855 0.925 1
Table 4
R-Square and beta coefficients for estimated values of K.
K RSQ lnL LnK lnEC lnL*lnK lnK*lnEC lnL*lnEC lnK*lnK lnL*lnL lnEC*lnEC
0.00 0.7519 18.4006 5.0023 2.5540 2.9771 0.8867 2.5335 0.4531 1.0388 2.4903
0.05 0.6839 0.14447 0.1090 0.1314 0.0114 0.0089 0.0442 0.0049 0.5217 0.0104
0.10 0.6781 0.1269 0.0854 0.0815 0.0096 0.0063 0.0382 0.0039 0.0427 0.0035
0.15 0.6520 0.1127 0.0692 0.0505 0.0085 0.0044 0.0339 0.0031 0.0367 0.0007
0.20 0.6375 0.1018 0.0572 0.0294 0.0076 0.0031 0.0308 0.0026 0.0325 0.0037
0.25 0.6249 0.0935 0.048 0.0142 0.0070 0.0020 0.0283 0.0021 0.0293 0.0058
0.30 0.6140 0.0868 0.0407 0.0029 0.0065 0.0013 0.0264 0.0018 0.0269 0.0073
0.35 0.6046 0.0813 0.0347 0.0057 0.0061 0.0006 0.0249 0.0015 0.0249 0.0085
0.40 0.5964 0.0768 0.0298 0.0126 0.0058 0.0001 0.0236 0.0013 0.0233 0.0094
0.45 0.5892 0.0730 0.0256 0.0181 0.0055 0.0002 0.0225 0.0011 0.0219 0.0101
0.50 0.5830 0.0697 0.0221 0.0227 0.0053 0.0006 0.0215 0.0009 0.0208 0.0107
0.55 0.5774 0.0669 0.0190 0.0264 0.0051 0.0009 0.0207 0.0007 0.0198 0.0111
0.60 0.5724 0.0644 0.0163 0.0296 0.0049 0.0011 0.0200 0.0006 0.0189 0.0115
0.65 0.5680 0.0622 0.0140 0.0322 0.0047 0.0013 0.0193 0.0005 0.0181 0.0118
0.70 0.5640 0.0603 0.0119 0.0345 0.0046 0.0015 0.0188 0.0004 0.0175 0.0121
0.75 0.5604 0.0585 0.0101 0.0364 0.0045 0.0017 0.0182 0.0003 0.0169 0.0123
0.80 0.5571 0.0569 0.0084 0.0381 0.0044 0.0018 0.0178 0.00023 0.0163 0.0124
0.85 0.5541 0.0554 0.0069 0.0396 0.0042 0.0020 0.0173 0.00021 0.0158 0.0126
0.90 0.5514 0.0541 0.0056 0.0408 0.0042 0.0021 0.0169 0.00014 0.0153 0.0127
0.95 0.5489 0.0529 0.0044 0.0419 0.0041 0.0022 0.0166 0.00008 0.0149 0.0128
1.00 0.5466 0.0517 0.0033 0.0429 0.0040 0.0023 0.0162 0.00003 0.0146 0.0129
Table 5
Model outcomes of OLS regression.
R square ¼ 0.7519
Adjusted R square ¼ 0.6278 ANOVA table
Df SS MS
Regression
Residual
F-value
F (9, 18) ¼ 6.06
9
18
Sig F
0.0006
1.3578
0.4481
0.1508
0.0248
Coefficient SE(B) Beta Coefficient/SE(B) VIF
LnL 18.4006 13.4411 0.188 1.3689 75168.23
LnK 5.0022 6.5066 0.452 0.7687 21877.98
LnEC 2.5540 18.5727 0.892 0.1375 25627.79
LnK*L 2.9571 1.6974 0.099 1.7421 163973.88
LnK*EC 0.8867 2.7748 0.753 0.3195 123690.27
LnL*EC 2.5335 3.0445 0.416 0.8321 36272.20
LnK*K 0.4531 0.4219 0.297 1.0739 32606.22
LnL*L 1.0388 1.1982 0.397 0.8669 11010.33
LnEC*EC 2.4903 3.6747 0.507 0.6776 19320.39
B. Lin, M.Y. Raza / Journal of Cleaner Production 251 (2020) 11960610standard error (SE), F-value, VIF) are showing reasonable outcomes.
Additionally, based on our available data, whether this model is
good or not but it has reduced the littlemulticollinearity problem of
the estimated variables. All the input regression coefficients are
positive which are reliable while lnL*lnK, lnK*lnEC, and lnL*lnL
showing a cross-influence. It shows that all input factors (lnL, lnK,
lnEC) demonstrate a rising return to scale.5.1. Output elasticities, input elasticities and elasticities of
substitution
According to the input factor i.e. energy and non-energy, we
used Eqs. (7)e(9) to calculate output elasticities. Output elasticities
are given in Fig. 6. According to Fig. 6, the output elasticities of each
factor is estimated from 1991 to 2018. The output elasticity of L, K,
and EC defines that each factor is effective input factors in Paki-
stan’s transport sector; increased inputs would increase output. As
the input EC is increasing every year, the output energy elasticity is
rising, which is the embodiment of scale economies. Thus, the
elasticity of substitution is the relative change of input proportion
of production caused by the changes in the marginal rate of tech-
nology level and input factor’s substitution. Factor’s substitutioncan be defined by the elasticity of substitution. The output elas-
ticities of each year are increasing during the period. The elasticity
of energy utilization and labor are over 1, which infers that when
power and labor increases by 1%, the yield of the transport sector
will grow by over 1%. Except it, the production function is rising to
return to scale for labor and power. However, the capital-yield
adaptability is under 0.6, which implies that when capital rises by
1%, the output will change by 0.6%. We can say that the production
function is lessening return to scale for capital. Overall, the rise in
Pakistan’s transport output is exceedingly touchy to increase
employment in this sector. All the input variables L, K, and EC
provide optimistic output elasticities. Similarly, Fig. 7 shows the
pair elasticities among the factors. The graph shows the continuous
increase among the factors during 1991e2018. The trend among
labor-energy consumption and capital-energy consumption pro-
vides the highest output. Based on these outcomes, the elasticities
of K-L, K-EC and L-EC and substitution among input variables are
calculated.
Eqs. (16)e(18) provides the outcomes related to the elasticities
of substitution among affecting factors given in Fig. 8. The substi-
tution elasticity of L-EC of the input factor is higher and trends of L-
EC and K-EC are comparatively stable than the other factor K-L. In
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Fig. 5. Ridge trace of the variables.
Table 6
Model result of ridge regression when K ¼ 0.001.
R square ¼ 0.7690
Adjusted R square ¼ 0.6440 ANOVA table
df
Regression
Residual
F-value
F (9, 18)
9
18
Sig F
0.0031
Coefficient SE(B) Beta B/SE(B) VIF
LnL 0.0407 0.0326 0.0000 1.2484 9.5795
LnK 0.2182 0.0923 0.0300 2.3640 1.5997
LnEC 0.0531 0.1981 0.0000 0.2680 6.9390
LnK*L 0.0302 0.1520 0.0200 0.1986 1.6126
LnK*EC 0.0087 0.3266 0.0000 0.0270 0.9487
LnL*EC 0.0228 0.3456 0.0100 0.0659 3.2322
LnK*K 0.0057 0.4028 0.0100 0.0141 1.6371
LnL*L 0.1150 0.7223 0.0900 0.1592 6.8718
LnEC*EC 0.0689 0.02080 0.0200 3.3125 5.1383
B. Lin, M.Y. Raza / Journal of Cleaner Production 251 (2020) 119606 11this study, all input pairs are positive and are substitutes. The
substitution elasticity among L-EC and K-EC presents a maximum
level of substitution. Though, the elasticity of substitution of EC-K
shows a downward trend and the elasticity changes from 0.9860
to 0.9693 in the last 28 years which illustrates that the substitution
is inefficient. The substitution between K-L is the lowermost in all
factors and shows a mixed trend. From 1991 to 2009, it shows a
stable line but decreasing continuously. After 2009 to 2018, a
decreasing trend is found. Overall, K-EC declined from 0.9797 to0
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Fig. 6. Output elasticities0.9326 which shows that technological development, investment
carried capital and mechanism which may decrease industrial
capital and labor. K and L also clear and can substitute power or
save power which may also reduce CO2 emissions in replacing K
and L with EC. For maximum trade and services, transport sector of
Pakistan is of high K and L. It is imperative that the substitution
among K-EC and L-EC is being comprehended; so that the cases
related to power saving can comprehend. We suggest that an effi-
cient, modern and physically healthy, and labor is required in20
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5.2. Scenario analysis
Based on prior analysis, this section estimates energy-saving
and a decline in CO2 emissions. These outcomes are the main
concern in scenario analysis to estimate the potential energy and
carbon emission mitigation for investments in modern technolo-
gies. Table 7 shows the practical implications of energy and CO2
emissions increased by transport sector of Pakistan with a ratio of
5% and 10% respectively. According to Lin and Ahmad (2016a,b) and
Lin and Xie (2014a,b), as the experimental applications of theTable 7
Energy-saving and CO2 emission reduction of the transport sector of Pakistan.
Years Scenario 1: 5% rise of Capital
Energy savings (Mtoe) CO2 emissions reduction from transport
(% of total fuel combustion)
2015 11.9398489 31.01302064
2016 13.67370334 31.38518707
2017 15.31207302 31.5162355
2018 16.66911503 32.67120859elasticity of substitution among power and investment, we have
used these outcomes in our scenario analysis of approximating the
CO2 emissions and power maintenance because of growing in-
vestment in power redeemable technology. The results (see
Table 7) shows that the energy redeemable technology’ investment
increase by 5% and 10% from 2015 to 2018. The table values have
been taken by using the EC by the transport sector (Mtoe) and CO2
emissions (% of total fuel combustion) during 2015e2018. The re-
sults clear that if the investment of assets grows by 5% in 2015,
2016, 2017 and 2018, the energy savings increased by 11.939,
13.673, 15.312, 16.669 Mtoe while the CO2 emissions (% of total fuel
consumption) will decrease by 31.013, 31.385, 31.516 and 32.671. InScenario 2: 10% rise of Capital
Energy savings (Mtoe) CO2 emissions reduction from transport
(% of total fuel combustion)
12.50841313 32.48983114
14.32483207 32.87971979
16.04121935 33.01700862
17.46288242 34.22698043
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savings will increase by 12.508, 14.324, 16.041 and 14.462 while the
CO2 emissions will decrease by 32.489, 32.879, 33.017 and 34.226
during 2015e2018. Under the two scenarios, i.e. 5% and the 10%
increase in capital investments measured the CO2 emission
reduction and energy savings. This emphasizes the output of
Pakistan’s power transport sector to attain energy protecting and
carbon emissions. Due to a small change within energy savings and
CO2 emissions decrease potential from the transport sector of
Pakistan, the outcomes in Table 7 still advise that financing in en-
ergy redeemable tools/machines in the road sector is much
necessary, as this sector usually depends on fuel, business services,
and is more pollution exhaustive. The rise of capital or investment
in capital saving automation also plays an energetic role in the favor
of Pakistan economy.
6. Conclusion and policy recommendations
6.1. Conclusion
Transport sector of Pakistan has become one of the high energy-
consuming and CO2 emitting sector of Pakistanwhich is fully linked
with trade, services, natural resources, environment, and commu-
nity. This study estimated a trans-log production for the transport
sector of Pakistan and estimated the input factors. Input variables
have been used such as L, K, and EC, and estimated the input-output
(IeO) and elasticities of substitution among the energy and non-
energy factors are examined during 1991e2018. The ridge regres-
sion valuation system has been applied because of the existence of
multicollinearity. Each factor and elasticities evidence shows the
outcomes as;
First, the output elasticities of individual variables such as L, K,
and EC are growing during the period. This trend shows the
continuous growth of a factor’s consumption in Pakistan’s transport
sector. Second, the input elasticities between the pair of factors
such as L-K, K-EC, and L-EC have a positive trend. The trend shows
good potential for economic development. Third, the elasticities of
substitution between L-K (around 0.9797e0.9326), K-EC
(0.9860e0.9693) and L-EC (1.0007e1.0027) show the mixed trend.
Overall, L-EC shows a positive trend, K-EC provides a decreasing
trend of 0.001 during last five years, while K-L substitution has a
continuous decreasing trend with 0.0471 during 1991e2018.
Fourthly, the scenario analysis is based on total EC and CO2 emis-
sions from the transport sector of Pakistan. The results show that an
increase in capital investments measured the CO2 emission
decrease and energy reserves. The analysis shows that technical
progress in power is quicker than labor. The transport sector of
Pakistan is experiencing fast growth with high EC. Depending on
the import of oil, environmental pollution, and power efficiency is a
great issue. Energy-saving technology, mobilizing capital into the
transport industry should be endorsed and the substitution be-
tween EC-K should be realized.
6.2. Policy suggestions
In the above’s context analysis, the assessed output elasticity
shows that addition of K, L, and EC input pay to increase output. The
calculated substitution elasticity of input factors shows that sub-
stitution elasticity among L*EC and K*EC are at a maximum level
while the elasticity of substitution of K*L has a mixed and lower
trend. Therefore, the transport sector can decrease energy use by
increasing investment in capital. Besides, Pakistan’s transport
sector consumes a maximum of petroleum products which causes
CO2 emissions. The Government of Pakistan should invest in
modern technologies and required to develop the quality of capital.Some specific policy suggestions are:
First, maximum EC in the elasticity of substitution is the most
dangerous for the adoption of energy-saving technologies (ESTs)
via labor and capital. Pakistan imports almost 47.054% of its total
energy HDIP, (2018) which is an imperative source of GHG emis-
sions. According to Xu et al. (2016), the transport sector is the most
important in economic development and CO2 emissions. Therefore,
the Government should take steps in reducing carbon emissions by
applying modern technologies.
Second, the estimated elasticity of substitution between L*EC,
scenarios suggest that investment in energy technologies should
increase. For this, China is investing a lot on renewable energy
sources and declining the use of coal and oil for power production.
It is, therefore, PAK-China has signed Worth of $46 billion CPEC
frequently comprising power tasks of $33.8 billion (Lin and Raza,
2019). This project would be the greatest supplier of green tech-
nologies in improving energy security and reducing the CO2
emissions of Pakistan.
Third, with minimum supply, EC can be controlled by growing
energy price, taxes, and ending subsidies at the micro-level. With
maximum supply, renewable energy resources, low energy
consuming devices, home appliances, and transport alterations can
appreciate in reducing carbon emissions. This will reduce CO2
emissions and improve K, L, and energy crisis.
Fourth, the elasticity of substitution between K*EC, and K*L and
their trend shows that transport sector has developed capital
because of maximum vehicles and a comparatively low level of
transport technology and a high level of EC. The enhancement of
technology in transport sector carries the best way in this sector
which will bemore effective in improving the substitution between
K*L. Maximum energy can be saved by the high elasticity of sub-
stitution labor and energy while labor and capital can enhance
technology and economy.
In CO2 emissions reduction, the Government should support
and promote shared bicycles especially in the urban areas (Xiaoling
et al., 2018). This will decrease the fossil fuel demand and affect
positively on the health of citizens. The government should focus
on the latest projects of metro buses and an orange line train should
be made hybrid or electric in all big cities of Pakistan. By realizing
the substitution linkage among these input factors are critically
important for the transport industrial model and enhancing its
quality.
From the research direction, for the transport industry of
Pakistan, capital is going to appertain, the technological level will
be better and ESTs can be encouraged. Due to the high elasticity of
substitution between K and L can save maximum energy from the
transport sector. Thus, by understanding the substitution associa-
tion among these influences is much significant for the transport
growth model and its quality. Except it, other imperative sectors of
Pakistan, for example, industrial, commercial, and agriculture may
bring more motivating outcomes for Pakistan’s energy sector and
energy saving. To improve energy output and lessen CO2 emissions,
the Government of Pakistan must improve ESTs by economic tools,
for example, climate change centers, and R&D centers related to
ESTs in local colleges and universities. Moreover, these centers
should also focus on clean coal technologies to reduce CO2 emis-
sions intensity.
The limitation in online availability data should be provided.
Further research could be made on the availability of civil aviation,
shipping and the number of employees in all transport sectors,
trade transport, and non-registered transport companies data is
our limitation for future work.
B. Lin, M.Y. Raza / Journal of Cleaner Production 251 (2020) 119606146.3. Chances and challenges
As discussed in section 1, the road sector is supposed the
backbone of Pakistan’s transport sector which has contributed 6% in
employment and 10% to the GDP. Based on various important spots
i.e. coastal lines, airline routes, the land routes, ports offer the most
effective and economically feasible transit way to Central Asian
countries. These chances and challenges, present performance, and
future output show a significant output, energy security, and
environment because of domestic and international cooperation,
Pakistan and China are trying to expand their trade, economy, de-
fense, energy security, Sino-Pak cooperation, On-Belt-One road,
and CPEC through road, rail, and various energy projects. It is
because the World Bank emphasized Pakistan to improve air
quality Sanchez-Triana et al. (2014). It is, therefore, declining fuel
import, control over high oil consumers, give energy substitution to
the transport sector, and lessening CO2 emissions has become
Pakistan’s future target. For this, Pakistan needs a subtle comple-
mentary act to reach its target, plan to boost output, refining energy
security, and ecological sustainability.
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